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- - HuIFN-^a f proteins which under SDS PAGE conditions adapted for separation show 13 sharp stained protein 
bands at 16,600, 16,980, 17^80, 17,580, 18,410, 18,840, 19,050, 19,500, 20,420, 20,890, 21,380, 21,880, and 22,910 'Daltons', 
each of the proteins having antiviral interferon activity in various interferon test systems as illustrated in Fig. 2. Rabbit an- 
tibodies raised against each of the 12 individual species from 16,980 to 22,910 'Daltons' will react against all of these spe- 
cies. The interferon proteins are produced by subjecting a solution containing human Le form interferon proteins to antib- 
ody affinity chromatography. 
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SUBJECTS RELATING TO HUMAN INTEFERON-^SUBTYPE PROTEINS AND 
CORRESPONDING ANTIBODIES 



Internationa Patent Application No. PCT/DK80/00024 discloses pure . .. 
himan Le form interferon proteins, antibodies directed against 
them, and methods for obtaining pure human Le form interferon 
proteins. (According to the International Interferon Nomenclature 
Conmiittee, the recoimnended designation for human Le form inter- 
feron proteins is now HuIFN-a proteins, and this designation will 
be used in the following specification and claims.) 

As used herein, the term "protein" includes "glycoprotein". 

In International Patent Application No. PCT/DK80/00024, the pure 
HuIFN-cf proteins were characterized by their behaviour in a de- 
fined SDS PAGE system, where they appeared*- after loading a- 
g 

roimd 1x10 imits of HuIFN-a to one single slot - as sis stained 
protein bands having antiviral interferon activity, that is strong 
bands at 18,410 Daltons and 20,180 Daltons, respectively, a medi- 
um-strong b;^d at 20,420 Daltons and just visible bands at 19,500 
Daltons^ 21,130 Daltons, and 23,440 Daltons,. respectively (said 
Dalton molecular weights being subject to an expezimental accuracy 
of ±200 Daltons), the peaks of antiviral interferon activity coinci- 
ding exactly with the stained protein bands, said SDS PAGE acryl- - 
amide gradient showing essentially no other stained protein regi- 



Intemational Patent Application No. PCT/DK80/00024 also discloses 
the obtainment of antibodies by immunization against the individual 
stained SDS PAGE HuIFN-cf bands. 

In the further investigations of the individual pure HuIFN-a prote- 
ins, employing one of the very simple and convenient purification 
sequences disclosed in International Patent Application No. 
PCT/DK80/00024, that is, using a combination of gel filtration 
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and antibody affinity chromatography using antibodies raised a- 
gainst the pure HuIFN-a proteins, it has now been foiind that the 
pure interferon protein preparation, when subjected to SDS PAGE 
investigation in a system adapted especially for separation, yields 
a band pattern (comprising essentially only interferon proteins) 
which is even more detailed than the pattern disclosed in Interna*- 
tional Patent Application No. PCT/DK80/00024. 

The more detailed pattern comprises 13 individual stained protein 
bands having antiviral activity (although to a vBrying degree) in 
the human system (using e.g. VERO-cells or U-cells), It was fur- 
thermore found that the same 13 species also had varying degrees 
of activity in the bovine system (using EbTr-cells). Of special 
interest is the fact that one of the individual species (at 16,600 
"Daltons") obtained when using antibody raised against an eluate 
containing all of the species described in International Patent Ap- 
plication No. PCT/DE80/00024, or rasied against the species at 
about 18«410 Daltons. shows a remarkably high activity in the 
bovine system (using EbTr-cells) and an almost negligible activity 
in the human system (tiiat is^ a fraction of this species yielding 
>500,000 units in the bovine system yielded only a few thousand 
units in the human system - so little that it is even conceivable 
that this amount derives from an unprecise slicing of the gel frac- 
tions (experiments in progress)). On the whole, it has been found 
that there is a general trend towards increased bovine activity 
among the various species when the molecular weight decreases 
from about 20,000 Daltons. (In this connection it is noted that 
while the SDS PAGE system defined in International Patent Applica- 
tion No. PCT/DK80/00024 is a gradient gel which is acknowledged 
as being suitable for molecular weight determinations, the SDS 
PAGE system used for the new development constituted by the 
present invention is a system which is adapted to separation, and 
the "molecular weights" assessed in the new system may therefore 
vary to some degree from the molecular weights of the same spe- 
cies in the previous system, for which reason Dalton molecular 
weight designations determined in the new system wiU be stated in 
citation marks as "Daltons".) The new investigation described 
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herein of the interferon proteins purified as described above by 
gel filtration and antibody affinity chromatography using antibodies 
rasied against the 18,410 Daltons species or raised against an 
eluate containing all of the proteins disclosed in International Pa- 
tent Application No. PCT/DK80/00024 showed that the original 
18,410 Daltons species comprised at least 3-4 components which 
could be separated in the new SDS PAGE system (which is descrir 
bed .under "Materials and Methods" herein). 

One most remarkable fact is that about 40% of the total interferon 
proteins found in the purified interferon preparation is located in 
the above-mentioned 16,600 "Daltons" species which shows a very 
high antiviral activity in the bovine system, but almost negligible 
activity in the human system. It is also very interesting that anti- 
bodies directed against the 20,420 Daltons and the 23,440 Daltons 
species described in International Patent Application No. 
PCT/DK80/0G024, and, quite generally, antibodies raised against 
any of fhe species above 18,410 Daltons, do not neutralize this 
bovine species (or neutralize this species to an extremely low ex- 
tent). This means that in antibody affinity chromatography using 
antibodies directed against any of the species above 16,600 "Dal- 
tons", the bovine species will not be found in the eluates. Thus, 
one of the aspects of the present invention is that it makes it 
possible to remove bovine species from the other species having 
activity both in the human and in the bovine system. 

In the SDS PAGE system used for the separation according to the 
present invention, at a total interferon load of 4 - 5 millions IFU, 
the pure HuIFN-a proteins show 13 stained protein bands, all 
having antiviral interferon activity, the bands appearing at 



16,600, 16,980, 17,380, 17,580, 18,410, 18,840, 
19,050, 19,500, 20,420, 20,890, 21,380, 21,880 
and 22,j910. 
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"Daltons", Cthe "Dalton" molecular weights being subject to an 
system (which is described under '^Materials and Methods" herein), 
showing essentially no other stained protein regions. 

5 The position of the individual HuIFN-a proteins appear from 

Fig.- 1, and the antiviral interferon activity determined for each of 
the proteins in various interferon test systems appears from 
Fig. 2. 

10 With reference to Fig. 1, the relative intensities of all the 13 

bands were recorded. AH 13 fractions were then titrated in 4 dif- 
ferent ceU systems comprising three human cell systems and one 
bovine cell system. The human cells were VERO-cells, U-cells, and 
GM-cells, and the bovine cells used were EbTr-cells. VSV (vesicu- 

15 lar stomatitis virus) was used as challenge virus for all four ceU 
systems. Each fragment slice (from SDS PAGE) was titrated in aU 
tour systems. The respective interferon titers appear from Fig. 2. 
As will be noted, all 13 fractions contain a distinct bovine interfe- 
ron activity which more or less correlates to the human interferon 

20 activities measxired in the various human systems. However^ frac- 
tion No. 1. with an apparent molecular weight of 16 1 600 "Daltons** 
has almost no interferon activity in l^e human system , especially 
so when the human activity is compared to the amount of protein. 
It appears from Fig. 1 that slices Nos. 1 and 2 are located very 

25 close to each other. The absolute distance between these two slices 
is just about 1 mm. Thus, one could assume that the small amount - 
of interferon activity in slice 1 possibly stems from slice No. 2 due 
to difficulties in obtaining absolutely "clean" slices. If one compa- 
res the bovine activity of sHce 1 with the protein contents » there 

30 seems to be a fair degree of agreement between the amount of 

bovine interfieron activity and the amount of protein. Thus, it is 
tempting to suggest that fraction No. 1 is composed solely of a 
bovine species produced (or generated by degradation) in the 
human leukocyte system. When a gel filtered human leukocjrte in- 

35 terferon as previously described is purified by using an antibody 
column using antibodies obtained by izmaunizing a rabbit with the 
21880 "Daltons" species in analogy with the above described 18,410 

f - OMPl 
V<W WIPQ 
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Daltons species, a similar protein and interferon profile is obtain- 
ed, except that the bovine species is missing" (or is present only 
to an extremely low extent), AU the other species are apparently 
present. This indicates that the 16,600 bovine species does not 
cross-react with the other 12 human interferon species. It should 
also be noted that the remaining 12 species all contain a certain 
bovine activity together with their human activity (vide Fig. 2). 
Fig. 2 also indicates the above-mentioned general trend towards 
bovine activity vdth lower molecular weight, indicating that bovine 
activity is mcreased at the expense of the human interferon activi- 
ty as the apparent molecular weight is decreased, cf. slices Nos. 
5, 4, 3, 2, and 1. 

At present, it is not fcnown what are the implications of the pre- 
sence of the bovine species in the HuIFN-or preparation. Several 
possibilities exist. One possibility is that the 16,600 "Daltons" 
species is derived from the remaining 12 species by a proteolytic 
degradation. However, this is not so likely since it is unlikely that 
all 12 species should decompose 3rielding one single protein as 
decomposition product. It is not known at present whether the 
bovine species has a biological function in the human interferon 
system. It has previously been described (Gresser, I, Baudu, 
M.T., Brouty-Boye, D., Tovey, M. (1974): Pronounced antiviral 
activity of human interferon on bovine and porcine cells. Nature 
251 , 543-545) that human leukocyte interferon contains bovine 
activity (the so-called cross activity). Other authors, including 
Braude, I. A., Ian, L.S., Stewart, W.E. (1981): Isolation of a 
biologically active fragment of HuIFN-a, Interferon Hes. 1, 
245-251, have also described that human leukocyte interferon con- 
tains bovine activity. One major discovery according to the present 
invention is that it is possible to isolate and characterize the 
16,600 "Daltons" species as being an interferon species completely 
different from the other human species, i.e. the fact that the 
16,600 "Daltons" species is immunologically distinct from the other 
HuIFN-a species. There are experimental indications supporting a 
notion that the bovine species at 16,600 "Daltons" might be impor- 
tant for stabilization/expression of biological activity (experiments 
in progress). 
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According to one aspect of the present invention, the fact that an 
antibody column against the 21,880 "Daltons" species will only 
recognize the 12 species having predominantly human actlvily, 
while an antibody column against the 18,410 Daltons species will 
recognize aU 13 species, may be utilized to isolate the bovine spe- 
cies from the remaining 12 species, e.g. as foUows: About 6 miUion 
units of crude leukocyte interferon is gel filtered, and after dialy- 
sis versus PBS, the interferon is loaded to a tandem colximn sy- 
stem comprising an anti-21^880 "Daltons" column connected with the 
anti-18,410 Daltons column. All the human interferon activity wiU 
be caught by the anti-21,880 column, while the bovine activity win 
pass the anti-21,880 column. The anti-18,410 column will catch flie 
bovine species. The two columns are disconnected, washed and 
eluted separately. From the column against the 21,880 species, all 
15 the interferon species 1 to 12 are recovered. From the 18,410 

column, only the bovine species with an apparent molecular weight 
of 16,600 "Daltons" wiU be recovered. 
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It is not known at present whether any of the individual species of 
the 12 human species and the bovine species is able tx> potentiate 
the action of either HuIFN-p HuIFN-p or different forms of p or a 
or whether any of these species potentiate the actions or the acti- 
on of HuIFN-Y. 

One aspect of the invention relates to HuIFN-a proteins which 
under the above conditions show the above pattern of stained 
bands, except when identical to proteins disclosed in International 
Patent Apphcation No. PCT/DK80/00024. 

Another aspect of the present invention relates to each individual 
protein having antiviral interferon activity which is one of the 
components having one of the molecular weights stated above. 

As is known from International Patent Application 
35 No PCT/DK80/00024, human lymphoblastoid (Namalva) Le form 

proteins comprise, to the extent of about 85% thereof, HuIFN-a 
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proteins. It is also known that recombinant DNA techniques may be 
used to produce HuIFN-or proteins and proteins having the signifi- 
cant antigenic interferon-characterizing determinants thereof. The 
interferon preparation from which the proteins of the invention 
may be isolated may, therefore, not only comprise human leukocyte 
interferon preparations, but also any other preparation which 
contains pz^teins showing the antigenic properties of one or more 
of the HuIFN-cf protein species of this invention. 

Aspects of the invention appear from the appended claims. Qxxite 
generally^ the interferon proteins of the present invention will be 
applicable for the same useful purposes as the interferon proteins 
disclosed in International Patent Application No. PCT/DK80/00024 
and win be applied in the same or analogous manner. Similarly, the 
production and purification of the proteins of the invention may be 
performed in the same or analogous manner as described in Inter- 
national Patent Application No. PCT/DK80/00024. 

Therefore J for a more detailed discussion of the application and 
production of the proteins of the present invention, the disclosure 
of International Patent Application No. PCT/DE80/00024 is incorpo* 
rated herein by reference. With respect to the purification, howe- 
ver, it should be noted that according to the present invention, it 
has been found that the use of a purification stage comprising 
ligand chromatography is not a necessary stages in the ptirificati- 
on, for which reason it is preferred to pass the interferon-contain- 
ing fractions from the gel filtration directly to antibody affinity 
chromatography, omitting any intermediary ligand chromatography. 

According to one special aspect of the present invention monospe- 
cific antibodies produced in various animals by means of the indi- 
vidual HuIFN-a species of the present invention and of Internatio- 
nal Patent Application No. PCT/DK80/00024 are very useful for 
establishing immunoassay systems (e.g., ELISA and RIA) based on 
radioactivity or enzyme activity. The antibodies can be used both 
for detection of antibodies to interferon itself and to interferon 
proteins present in partially pure interferon preparations. The 
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antibodies may also be useful for assays for determining interferon 
activity. 

Antibodies derived from animals such as rabbits may be more ad-* 
vantag-eous than hybridoma antibodies for these purposes, conside- 
ring that it is well known that the avidity of rabbit antibodies is 
considerably higher than the avidity of hybridoma-produced anti- 
bodies. 



(According to another aspect of the invention, antibodies produced 
in animals, such as rabbits,, against a specific interferon prepara- 
tion (e.g. using an interferon preparation used cUnically) render 
it possible to estimate the andibody response against the interferon 
proteins and against the contaminating proteins in the interferon 
preparation in question and may be used, e.g., as a positive con- 
trol in experiments for assessing whether a patient treated with 
the interferon preparation develops antibodies against the prepara- 
tion, vide below.) 

Furthermore, rabbit antibodies raised against each of the 12 indi- 
vidual species of the HuIFN-a (except the bovine species) will 
react against all 12 human species of the HuTFN-a. In other words, 
all the 12 human HuIFN-a species which show predominant activity 
in the human system, cross-react immunologically 100%, whereas 
the bovine species (16,600 "Daltons") is immunologically distinct 
(in the rabbit system). On the other hand, rabbit antibodies rais- 
ed against any combination of the interferon proteins which inclu- 
des the bovine species, including the combination of the total of 
the interferon proteins described in International Patent Applicati- 
on No. PCT/DK80/00024, will react with all of the 13 interferon 
proteins. This gives the advantage that it is possible to design the 
determinatton technique so that it will either include or exclude the 
bovine species. One particularly important utiUzation of th is aspect 
of the invention is the use of two types of antibody determination 
(that is, using antibodies raised against the pure HuIFN-a proteins 
on the one hand and antibodies raised against PIF on the other 
hand) for monitoring a patient who is receiving human interferons 
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(leukocyte or Namalva interferons) or any recombinant DNA-deri- 
ved interferon which cross-reacts immunologically with the above- 
mentioned species. Such monitoring' is performed according to the 
ELISA or RIA technique such as described below. Usmg this type 
5 of combined determination > it is possible to follow the patient's 

response to the interferon administered, vide the comments below. 
Thus, it would be possible, by performing the relevant analysis, 
to assess whether the patient is developing antibodies against the 
administered interferon proteins themselves (if the determinations 
10 using antibodies raised against HuIFN-a are positive), or against 
contaminating proteins (if the determinations using antibodies rais- 
ed against HuIFN-a are negative, but the determinations using 

antibodies raised against PIF are positive). Alternatively, antigen 

* 6 9 

preparations of a specific activity of 10 - 10 (which may be 

15 prepared by methods known per se , e.g. by the antibody techni- 
ques described in the present application and in International 
Patent Application No. PCT/DK80/00024, can also be used. The 
same principles may also be used for monitoring patients receiving 
preparations containing HuIFN-g or HuIFN-y. and these utilizations 

20 also constitute aspects of the present invention. 

For detection of antibodies against HuIFN-a, the following procedu- 
re is used, which is exemplified (with another protein as the tar- 
get) in Methods of Enzymology, Vol. 70, p. 419 - 439 (Enzyme 
25 Inmiunoassay ELISA and EMIT by E. EngvaU (eds.: Van Vunakis 
and Langone): 

HuIFN-a (most preferably in a purified preparation, specific activi- 
ty 1 - 100 X 10 units/mg protein) is coated to a surface (e.g., a 

30 plastic surface, such as NUNC radioimmunoassay plates, or another 
suitable matrix), e.g., at 49C. The remaining binding sites are 
either saturated by adding 0.1% BSA for 1 - 3 hours at 4°C, or 
the surface is washed in a buffer containing a mild detergent such 
as Tween 80 or Triton X-100 which will inhibit further bindiags of 

35 proteins to the said surface. The anti-interferon sample (e.g., a 
serum sample from a patient receiving interferon treatment) in the 
above-mentioned buffer is contacted with the surface for 3 - 20 
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hours at, e.g., 4°C, and after washing (3x) with the said buffer, 
a predetenmned amount of a different species of antL-IgG, radioac* 
tively labelled or enzsnnatically labelled (e.g., phosphatase or 
horseraddish peroxidase) is added to the buffer, and the loixture 
5 is further incubated 3-20 hours, e.g., at 4**C. If radiolabelled 

antibodies are used, the bound radioactivity is estimated according 
to standard procedures. If enzyme labelling is used, the relevant 
substrate is first added to the washed surface, using an appropri- 
ate substrate btiffer (optimum pH for the enzyme system) mcluding 

10 said detergent (incubation, e.g., for 1-12 hours at room tempe- 
rature). The change in colour is measured by spectrophotometry. 
A high development in colour is taken as a sign that the patient 
has developed antibodies against the interferon in question or 
against the relevant impurities, or against both, (vide above) - 

15 Like all immunoassays, these measurements must include proper 
controls to establish the background in a given system. Very of- 
ten, the undesired cross-reaction between the two different antise- 
ra used is observed. This may be obviated by simply adding the 
relevant solution of the antigens causing the imspecific background. 

20 (For example, one may add sheep nmnimoglobulin-depleted serum to 
the rabbit anti-inteirferon serum, etc., or one may add immimoglo- 
buSn-depleted human serum to the rabbit anti-interferon sera, 
ete.) 

25 Instead of coating the said surface with antigen (that is, purified 
interferons, specific activity 1 - 100x10 imits/mg protein), a 
"double layer" technique may be used: first, the said surface is 
coated with either anti-HuIFN-a or anti-PIF (an antiserum raised 
against partially purified interferon, vide "MATERIALS AND ME- 

30 THODS" below, using about 1 pg/ml of the relevant IgG solution, 
(In certain occasions, the antL-senam may also be suitable). The 
antibody-coated surface is allowed to react with the relevant inter- 
feron preparation, and after washing, the anti-interferon-contain- 
ing sample is allowed to react with the antibody-bound antigens 

35 (including interferon), and the above-described further procedure 
is followed. 
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The determinations for assessing any immunological reaction on 
preparations containing HuIFN-p- or HuIFN-y-antigenic determi- 
nants are performed in exactly analogous manner. 

5 According to a particular aspect of the present invention, the 

loading of the interferon*containing solution to the antibody affini- 
ty chromatography column is perfomed at a pH in the range of 
5 - 7> as contrasted to the normal pH of 7.2. It is contemplated 
that at this lower pH, the binding of the interferon to the antibo- 
10 dy affinity chromatography column is sHghtly looser, resulting in a 
higher recovery of biological interferon activity. 

According to another aspect of the invention (which, if desired, 
can be combined with the above-mentioned loading at lowered pH), 

IS the coupling of the antibody to the matrix is performed under 
slightly reversible denaturing conditions, without affecting the 
• binding capacity, e.g., in 4 - 8 M urea, in particular 4 - 6 M 
urea such as 4 - 5 M urea. There are indications that such rever- 
sible denaturation of the inmixinoglobulins results in a looser bin*^ 

20 ding of the antigen in question (e.g. interferon) in the si^sequent 
antibody affinity chromatography and, thus, in a higher recovery 
of the antigen (e.g., recovery of a higher interferon activity). In 
the present context, the term "denaturation" designates the phe- 
nomenon that the immimoglobulin molecule, which, in its native 

25 state, exists as a globular protein, becomes substantially tmcoiled. 
In the present aspect of this invention, the denaturation is per- 
formed as a reversible denaturation, which means that the uncoiled 
protein is able to substantially revert to its native configuration 
after removal of the denaturant. Examples of useful denaturants 

30 for the reversible denaturation are urea in the stated molar range 
of 4 - 8, or urea derivatives, such as guanidine' hydrochloride, in 
the range of 4 - 8 molar, or KSCN, etc. The method of reversibly 
denaturing immunoglobulins is known per se, but it is believed to 
be novel to reversibly denature an immunoglobulin during its bin- 

35 ding to an antibody affinity chromatography column and thereafter 
remove the denaturant prior to using the column. 
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The contemplated beneficial effect of the partial or reversible dena- 
turation is that the uncoiled or denatured immunoglobulin wiU bind 
to flie matrix in a substantially uncoiled or linear configuration, 
which will expose several otherwise "hidden" binding sites to the 
matrix, thus binding the immunoglobulin more firmly to the matrix, 
concomitant with a somewhat looser, but still sufficiently firm, 
bindiag to the antigen in question (due to the denatured configu- 
ration determinants proper of the immunoglobtilin}^ and a lesser 
amount of non-specific binding of proteins due to the uncoiled 
character of the immunoglobulin (whereby the hydrophobicity of 
the matrix is lowered). 



Quite generally, it is often a major problem to elute small amounts 
of protein which have been specifically bound to an antibody co- 

15 Iximn, If too small amounts of protein are present, absorptions or 
non-specific inactivations may often occur. One method for avoid* 
ing this comprises the experimental conditions below (chromatogra- 
phy in the presence of substances whidi stabilize the protein witt- 
out changing the antigenic properties thereof with respect to the 

20 antibodies in question): 

Hinnan leukocyte interferon was gel-fHtered according to the usual 
procedure in the presence of 0.1% Triton X-100. Gel-filtered mate- 
rial was dialysed against PBS containing 0.1% Triton X-100 and 
25 PBS including 0,1 molar sodium chloride, pH 7.2. This solution 
was supplied to an equilibrated antibody column which had been 
equflibrated with suitable buffer including 0.1% Triton X-100, and 
the usual antibody affinity chromatography procedure was executed 
in the presence of 0.1% Triton X-100. It was noted that the reco- 
very from such an antibody affinity chromatograpy could be in- 
creased considerably compared to chromatographies in which the 
Triton X-IGO was not included. It has also been found that SDS 
(for stabilization purposes) can be omitted when purifying inter- 
feron, provided that the Triton X-100 is included in the process 
as described above. This is considered advantageous since it has 
not previously been possible to purify small amounts of interferon 
completely by means of the antibody columns without using SDS as 
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a stabilizing agent in the eluate (omission of SDS caused a drastic 
reduction of the interferon yield (from 80% to about 10%). 
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MATERIALS AND METHODS. 

Literfefon assays were performed according to the well-known 
standard method (Berg K. , Sequential Antibody Affinity Chromato- 
5 graphy of Human Iieukocyte Interferon, Scand. J. Immunol. 6, 
77 - 86 (1977)) using VERO cells (monkey kidney cells), U-cells 
(human amnion cell line), GM-cells (trisomer for chromosome 21), 
DbTr-cells (bovine cells), and Vesicular Stomatitis Virus (VSV) as 
chaEenge virus. All interferon units (IFU) are expressed in inter- 
ID national reference units (69/19 B units) (69/19 B reference was 
obtained from MRC, Mfll Hill, U.K.) 

Interferon > Crude human leukoc3rte interferon was produced accor- 
ding to the method as described by CantdH (Cantell, E., IQrvo- 

15 n^, S«, Mogensen, E. £. and Pyhala, L. , Human leukocyte inter- 
feron: production, purification, stabiHty and animal experiEnents. 
In: The Production and use of Interferon for the Treatment and 
Prevention of Htnnan Virus Infections pp. 35 - 38, Waymouth, C. 
(ed.). Proceedings of a Tissue Culture Association Workshop held 

20 at Lake Placid, 1973 (In Vitro Monograph, volume 3), Tissue (Xil- 
ture Association, Rockville, Md.) using Sendai virus as interferon 
inducer. Partially purified interferon (PIF) with a specific activity 
of 5 X 10^ IFU/mg protein was obtained from crude concentrated 
human leukocyte interferon (CIF) by ethanolic precipitation as de- 

25 scribed by Cantell, K., Hirvonen, S., Mogmsen, K. E. and 
Pyhala, L., loc. cit. 

Interferon neutralf7.ation for determining anti-interferon was per- 
formed in a mdcro->assay system in the following manner: 20,000 

30 VERO cells per well were seeded in 100 |j1 medixun and kept at 5% 
CO2 in a humidified cabinet. On day 2 the medium was removed 
from the ceUs, and each well received 100 ml of a dilution (in 
medium) of the antiserum, containing an interferon concentration of 
6-8 IFIT/ml (the serum and interferon had been preincubated at 

35 37**C for 1 h). On day 3 the medium was removed, and all the 

wells received 100 |j1 VSV (diluted to lO"^'^ in medium). On day 4 
the CPE (cytopathogenic effect) was determined, and 50% 
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destruction was taken as the end point for the determination of the 
anti-interferon titer. The titers are expressed as interferon neu- 
tralization units (1FU-NX7) per ml. 

Chemicals > CNBr was from Fluka (stored at -20°C). Sodiiun dode- 
cylsulphate (SDS), specially pure for electrophoreses was purch- 
ased through British Drug House (BDH). Soyabean Trypsin Inhi- 
bitor (STI) and L-Lysine were obtained from Sigma. Sepharose 43 
and CNBr-activated Sepharose were supplied by Pharmacia (Den- 
mark). 

Binding Procedures . The covalent binding of the immxmoglobulins 
to Sepharose 4B was done as previously described by K. Berg in 
Scand. J. Immunolog., 6, 77 - 86, (1977). Only 80 - 85% of the 
immunoglobulins were deliberately bound. Binding in 4 - 8 M urea 
was also found advantageous, yielding higher recovery of interfe- 
ron of the same or slightly hiirher purity. Thus, one example of a 
binding buffer for this purpose is 0.1 M sodium bicarbonate, pH 
8 - 9.5, e.g. 8.5, including 0.3 M sodium chloride and 4 - 8 M 
urea, e.g. 4-6 M urea, such as 4 - 5 M urea. 

Protein determinations were made by a modification of the Lowry 
procedure (Berg , Sequential Antibody Affinity Chromatography 
of Human Leukocyte Interferon, Scand. J. Immunol., 6, 77 - 86 
(1977)) which permitted detection of 1 - 2 pg/ml as the lowest 
level of proteins detectable . (using an LKB Calculation Absorptioner . 
Ultralab System). Crystalline bovine serum albumin was used as a 
standard protein. To determine the protein concentration of the 
purified interferon (1 - 5 pg in total) the following procedure was 
adopted: SDS was added to a final concentration of 0.1%. The lyo- 
phOized protein sample was further examined on an SDS-polyacryl- 
amide gel electrophorese (SDS PAGE, see later), subsequent to a 
dialysis versus distilled water. The intensity of the stained protein 
bands was compared with known standards in different amounts 
(see later, under SDS PAGE), and the total amounts of proteins 
were estimated The deviations were 5 - with the lowest detec- 
table level of proteins being 0.1 pg (in total). The results 




wo 83/00693 



16 



PCT/DK82/00077 



from this method will serve as a rough estimate, rather than as an 
actual measurement* 

Affinity chromatographies were performed at 4**C. The gel suspen- 
5 sions were degassed before packed into the columns. Packing was 
performed by washing with 3-5 bed volumes of loading buffer, 
using a peristaltic pump* Samples (100 \xl) for interferon titrations 
were taken from either pools or individual fractions and titrated on 
the same day or frozen in plastic tubes (-20°C) and titrated later. 
10 The dilutions were made in medium (incl. 10% calf serum). 

Antibody affinity chromatography was essentially done as described 
by Berg (Sequential Antibody Affinity Chromatography of Human 
Leukocyte Interferon, Scand. J. hmnunol., 6, 77 - 86 (1977)). As 

15 loading buffer was used 0.1 M NaOA/0.3 M Nad at pH 7.2 (flow 

rate 40 ml/h). Stepwise elution was performed vdth 0.1 M HOAc/0.3 
M Nad including a minute amount of citric adLd (enough to keep 
the pH firmly at 2.4). When not operated, the column was stored 
at 4**C in PBS 1 M Nad including Penicillin, Streptomycin, Genta- 

20 mycin and Chloramphenicol (1% of each). Before using the coltmm 
for purification purposes, it was first washed with 100 ml of load- 
ing buffer followed by 10 ml of eluting buffer and finally equilibra- 
ted with 20 - 30 ml of loading buffer. This washing-cycle was 
necessary to avoid "spontaneous" proteins, especially when wor- 

25 king with interferon of specific activities above lo'' IFU/mg prote- 
ins. The plastic tubes used for collecting the interferon eluate 
were pre- wetted witii 100 pi of 1% SDS. 

SDS PAGE . The purified, concentrated interferon preparations 
30 were analyzed for polypeptides components on SDS PAGE slab gels 
using 20 cm long separating gels, 0.75 mm thick' (Bio Rad model 
221: Dual vertical slab gel electrophoresis cell) and 7 - 10 cm long 
stacking gel. The first 10 cm consisted of a 12 - 22% acrylamide 
gradient, and the remaining 10 cm consisted of 22% acrylamide. 
35 The preparation of the gels was performed by the method describ- 
ed in Knight, E., Interferon: Purification and initial characteriza- 
tion from human diploid cells. Proc- natn. Acad. Sci. USA 73, 
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520 - 523 (1976). The discontinuous buffer system, as described 
by Laenomli (Laenomli, U. K., Cleavage of Structural 
Proteins During Assembly of the Head of Bacteriophage T4, Nature 
227 > 680 - 685 (1970)) was used. The gel was pre-cooled for 2 h 
(lO^C) before starting the actual electrophorese which was 
performed overnight (lO^C) at constant effect (LKB power 
supply), starting out with 10 mA (and about 20 V). Samples to be 
analyzed were dissolved (or diluted) in. 0.1 M Tris, HCl (pH 6.8) 
2.5% SDS and 5% glucose including a tracking dye (sample 
buffer). The gel was stained in Comassie Blue (1.25 mg/ml in 50% 
methanol, 40% HgQ and 10% acetic acid), without prior fixation, for 
15 minutes at room temperature under constant rocking, and 
destained in 7% acetic acid (5% methanol) . The gels were dried on 
paper of a good quality (for example, Whatman Chromatographic 
paper (17 mm)) under heat and vacuum using a gel dryer (Bio 
Rad, gel slab dryer, model 224). Solutions of five different mo* 
lecular markers, from 0.1 pg to 10 pg of each marker per 20 pi, - 
Lactalbumin (14,400 Oaltons); Soyabean Trypsin Inhibitor (20,100 
Daltons); Carbonic Anhydrase (30,000 Oaltons); Ovalbumin (43,000 
Daltons); Bovine Serum Albumin (67,000 Daltons); Phosphorylase 
(94,000 Daltons) .(obtained as an electrophoresis calibration, kit 
(Pharmacia, Denmark)) - were subjected to SDS PAG£ and stained. 
It shotild be noted that molecular weights assessed in this manner 
are subject to experimental accuracy of about ±100 "Daltons". The 
stained protein bands were compared with the corresponding bands 
obtained from a parallel SDS PAGE of a purified interferon prepa- - 
ration and the total concentration of interferon proteins was esti- 
mated. For obtaining a biological profile from an SDS PAGE, the 
part of the gel intended for interferon determination, was cut from 
the remainder gel and kept at 4°C (in a humidified box) on a glass 
plate. The main part of the gel was stained for 15 minutes; after 
destaining for additionally 3-5 minutes, weak bands were clearly 
seen on a blue background, whereby the precise location of the 
protein bands corresponding to 14,000 and 30,000 "Daltons" could 
be established. The unstained part of the gel was cut, so it only 
contained proteins between 14,000 and 30,000 "Daltons" and was 
further subdivided in 1 mm pieces by sharp knives. The interferon 
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from these slices was eluted with 0.5 ml 0,1 M SDS subsequent to a 
complete mincinff by means of a teflon rod. After 5 h at room tem- 
perature (rocking) the interferon activity of the supernatant was 
determined. The individual fractions were frozen at -20°C without 
5 any additives. 

EXPERIMENTAL SECTION . 

10 Preparation of Pure HuINF-a Proteins. 

Concentration of crude human leukocyte interferon . To 3 liters of 
crude human leucocyte interferon was added KSCN up to a concen- 
tration of 0.5 M at pH 7,2. The pH was lowered by addition of IN 

15 HCl to 4.5 (magnetic stirring) whereby a protein precipitate con- 
taining the interferon (and part of the impurities) was obtained. 
The precipitate was dissolved in 150 ml of PBS (phosphate buffer- 
ed saline, pH 7.2) including 1 M NaCl and 25% by volume of ethy- 
lene glycol and dialyzed thoroughly versus 3 times 2 liters of the 

20 same buffer at 4**C. The specific activity of the crude concentrated 
human leukocyte interferon (HuLeCIF) was 5 - 10 x 10^ IFU/mg 
protein. The recovery was about 98%. 

Gel filtration . A 100 cm long column (2.6 cm in diameter, Pharma- 
25 cia K 2.6/100) was packed with Ultrogel AcA 5/4 (LKB Denmark) 
in PBS containing 1 M NaCl and 25% by voliome of ethylene glycol 
at 4**C (pH 7.2). After washing the column with 3 bed volumes of 
buffer, the column was stabilized. 10 - 15 ml of HuLeCIF (pre- 
pared as described above in 25% by volume of ethylene glycol, 1 M 
30 NaCl in PBS, pH 7.4) were loaded to the column, and the column 
was "eluted" with the loading buffer, the fractions being assayed 
for interferon activity. The interferon-containing fractions were 
pooled, and 85 - 95% of the original interferon activity was re- 
covered. The specific activity of the gelfiltered human leukocyte 
35 interferon-containing eluates was close to 1,000,000 IFU/mg protein, 
corresponding to a purification factor of 200. As determined by 
means of molecular markers, the molecular weight of the interferon 
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corresponds to a range of 10,000 - 20,000 Daltons. Titrations of 
individual fraction revealed only one broad peak, with a maximum 
at 18,000 Daltons. 

« 5 The geL filtration curve for the above-*descrS)ed gel filtration of 

HuIFN-a is shown in Fig. 5 in International Patent Application No. 
PCT/DK80/00024. It is clearly seen that the interferon activity is 
effectively separated from the major part of the proteins* 

10 Antibody Affinity Chromatography. The gel filtered interferon 

preparation was dialyzed against PBS,. pH 7.2, and was thereafter 
loaded to an equilibrated (against loading buffer (0,3 NaCl, 20 mM 
PB, pH 7.2). After a thorough wash with the loading buffer (tintil 
the OD curve at 280 nm has decreased to the base hne), the inter- 
15 ferons were eluted with eluting buffer consisting of 0.2 M acetic 

acid including 0.3 M NaCl (including a minute amount of citric acid 
to keep the pH firmly at 2.4). For stabilization of the pure inter- 
feron proteins, the tubes in which the eluate from the antibody 
column is collected (fraction size 2 ml) have been pre-wetted with 
100 pi of a 1% SDS solution each. After pooling of the interferon- 
containing eluate, additional SDS is added up to a total concentra^ 
tion of 0.1% by weight. 

The pooled interferon-containing eluate stabilized with 0.1% SDS is 
transferred to a 20 ml stainless steel tube pre-cooled to O^C in an 
ice bath. After 15 minutes, a precipitate is formed. The precipitate - 
is isolated by centrifugation at 20,000 rpm at 4**C for 20 minutes. 
The supernatant is discarded (no interferon activity), and the 
precipitate is redissolved in 4 ml of 8 M urea and transferred to a 
Millipore concentration ceU, size 8 ml, filter 10,000 molecular weight 
cut, and concentrated to about 100 pi at room temperature. There- 
after, additional 4 ml 4 M urea (p. a.) was added to the concentra- 
te, and the solution was concentrated to about 100 pi at room tem- 
perature. Finally, 1 - 3 ml of distilled water was added, and the 
solution was concentrated to a volume of 20 pi and mixed with 20 pi 
SDS sample electrophoresis buffer- 20 pi of the resulting solution 
(1-10x10 units in total) was used for characterization as described 
in the section "SDS PAGE" below. 



wo 83/00693 



PCT/DK82/00()77 



20 



15 



10 



5 



SDS PAGE. The SDS PAGE electrophoresis was performed as des- 
cribed under "MATERIALS AND METHODS" above. The stained 

slab of the electrophoresis of the pure hximan leukocyte interferon 
6 

proteins (5-7x10 units) is shown in Fig. 1. Fig. 1 also shows 
that 13 different species of HuIFN-a were separated and characte- 
rized. Thus the original 18,410 Daltons band as shown in Fig. 1 of 
International Patent Application- No. PCT/DK80/00024 could be 
resolved further into 4 separate interferon peaks (sHces 1-4, 
Fig* 1) of which the major protein (containing 40% of the total 
protein of all 13 species as judged by the intensity of the stains) 
is located at 16,600 "Daltons", slice No. 1 in Fig. 1. The interfe- 
ron activity data shown in Fig. 1 were obtained in the same man- 
ner as described in International Patent Application No. 
PCT/DK80/00024 (using VERO cells). It is to be noted that apart 
from the protein bands shown in Fig. 1 which all contained inter- 



feron activity in the human (and the bovine) system, vide the 
discussion of F^. 2 below, there was no other visible protein band 
in the SDS PAGE* It should also be noted that the biological peaks 
coincided exactly with the location of the proteins. 
20 . 

Production of Pure Interferon Protdns. 

HuINF-a is purified according to the Experimental Section of Inter- 
25 national Patent Application No. PCT/DK80/00024. Thus, from 10 

million units of crude HuIFN-a, about 5 x 10® units were obtained - 
in the last step which includes the addition of 0.1% SDS for stabi- 
lization purposes. After performing electrophoresis as described in 
International Patent Application No. PCT/DK80/00024, about 6 to 7 
30 bands were seen subsequent to staining and destaioing. The 

18,410 Daltons band, the 20,180 Daltons band and the 23,440 Dal- 
tons band were excised from the gel and eluted by means of 0.01% 
SDS at 15^C for 2-8 hours subsequent to a gel-mincing done by 
means of a Teflon rod into 0.5 ml of 0.01% SDS buffer and were * 
35 then titrated for interferon activity. As appears from Table I be- 
low, the following units were obtained in each fraction: 
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Table I. 



5 



HuIFN-of Species 



Interferon recovered (Mv) 



18,410 



500,000 



- 1,000,000 units 



20,180 



50,000 - 200,000 units 



23,440 



500,000 - 1,000,000 units. 



IS 
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The total recovery of the interferon activity from such an SDS 
PAGE experiment usually amoxinted to 15 - 40% (most often around 
30%) . All these electrophoreses were done without any mercapto 
ethanol (which otherwise would destroy more than 95% of the biolo- 
gical activity). 

(The destruction of human leukocyte interferon in the presence of 
SDS and mercaptoethanol has been described previously in the 
Hterature. The present inventor has confirmed it on a number of 
occasions. It was noticed that the protein pattern in an SOS PA- 
GE, when mercaptoethanol was included in the buffers, yielded a 
protein pattern essentially identical with that seen when no mer- 
captoethanol was included in the electrophoresis buffers or sample 
buffers.) 

Raising Antibodies Against HuIFN-a Proteins 

The above procedure was followed bi-weekly, and the SDS PAGES 
were stained for 15 minutes in room temperature and destained for 
10 minutes in 7% acetic acid, 5% methanol and washed for 3 minutes 
in distilled water, whereafter the interferon protein bands at 
18,000, 20,000 and 22,000 were excised. Each gel slice was smash- 
ed with a Teflon rod and suspended in 0.5 ml 0.01% SDS and mi- 
xed with an equal volume of Freund's complete adjuvant before 
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beingr injected into rabbits. (The suspension must be able to enter 
the small 1 ml syring-e, which is secured by filling and emptying 
the syringe with the same suspension several times.) The rabbits 
are each injected with the respective interferon-containing gel 
suspensions subcutaneously bi-weekly into the back. This proce- 
dure is followed bi-weekly for 5 months. After 5 months of this 
regimen 5 all three rabbits used developed antibodies as seen in 
Table II. 



Table II 



number of immunization 1 2 3 7 8 9 10 11 

15 18,410 - - . 20 1000 3000 5000 5000 

. 20,180 - - - 10 10 200 200 dead 

23,440 ^ . • 5 10 50 50 100 



After the 5 months of immunisation, 50 to 60 ml of blood were 
taken from each rabbit (18,410 and 23,440, cf. Table H). The IgG 
immunoglobulins were isolated from the sera by means of the well- 
known technique involving the use of protein A coupled covalently 
to Sepharose 4B. Thus, ahquots of 10 ml of antisera were loaded 
to such an equilibrated column (the usual antibody affinity buffers 
(vide "Materials and Methods" above) were also used in. this case) . 
The size of the protein A-Sepharose column was 50 ml. After loa- 
ding the 10 ml of serum to the column, the column was washed 
thoroughly subsequent to elution. The pooled elxxate was titrated in 
the neutralization assay as described in "Materials and Methods" 
above, whereby it was found that 90% neutralizing activity was 
recovered. No neutralizing activity was found in the wash* After 
dialysis against 0.1 molar sodium bicarbonate, pH between 8 and 9, 
the IgG was bound covalently to CNBr activated Sepharose 4B from 
Pharmacia using 1 g (dry weight) of the activated Sepharose, 
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yielding a 2 to 3 ml antibody column, vide "Materials and Methods" 
above. The column (18,410) was checked by loading it with 5 mil- 
lion units of gel-filtered crude HuINF-cf, specific activity of about 
1 X 10 units per mg protein. More than 98% of the interferon 
5 activity was removed by the column; almost no interferon was 

found in the wash. The elution was performed by level lowering 
pH as usual to 2.4 (tubes prewetted with 0.1% SDS (recovery 
between 50% and 80%)). The pooled eluate containing the interferon 
was examined in the separation SDS PAGE described in "Materials 
10 and Methods", and the protein pattern as described below in con- 
nection with F^. 1 was observed. The specific activity amounts to 
8 9 

10 - 10 units per mg protein. All the proteins seen in the stain*- 
ed and destained gel contain interferon activity. Recovery was 
moderate (30-40%). 

15 

Similar experiments were performed with the 23,440 rabbit column- 

g 

This antibody column was also able to bind at least 2 x 10 units 
of gel-filtered HuIFN-a which is a surprising finding comparing the 
neutralization titer (50 neutralizing units per mi) of the serum 
20 which would indicate the binding of 7 - 10 x 10 ml x 50 neutrali- 
zing units per ml = 5000 interferon units using 10 nil of the serum. 
Apparently, the neutralization test is not an important measure for 
e^qploring the binding ability of a given anti-interferon serum. As 
the purity of the mununogen is increased, the antibodies produced 
might be of a kind which might even not be detected at aU in the 
usual neutralization tests (alternatively, to a very low extent). 
Recovery was rather moderate, 20-30%. 



25 



30 



35 



The eluate from the 23,440 column was concentrated and examined 
in a similar SDS PAGE as described above. Again, essentially the 
same protein pattern was observed as seen above, except for the 
18,000 "Daltons" range in which a major part of the proteins seem- 
ed to be missing, corresponding to the 40% which is represented 
by the bovine species. It (A small column made by means of the 
20,180 rabbit supported likewise the same results). Thus, it can 
be concluded that all human species are antigenically identical in 
the human system (using rabbit antibodies) which directly sup- 
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ports the previous findings in International Patent Application No. 
PCT/DK80/00024. 

It was the different intensity of the protein stain noticed at the 
18,000 location as seen in the SDS PAGE system used according to 
International Patent Application No, PCT/DK80/00024 of eluates 
from the 18^410 column compared to eluates from the 23,440 column 
that prompted a redesign of the SDS PAGE system to develop a 
system which would permit an even better resolution between the 
individual interferon species. 

As appears from "Materials and Methods'', the new modified SOS 
PAGE system consists of a 5% stacking gel which is identical ynth 
the stacking gel described in International Patent Application No. 
PCT/DK80/00024. Then follows a 12 - 22% gradient of polyacryl- 
amide gel, 10 cm long, and finally a 10 cm long gel with a constant 
acrylamide gel concentration (22%). All the technical details and 
buffers and materials are spelled out in 'TVIaterials and Methods". 
As mentioned above, the molecular weights determined in the new 
SDS PAGE system are not directly related to the molecular weights 
determined in the SDS PAGE system used according to Internatio- 
nal Patent Application No. PCT/DKaO/00024, which is due to the 
fact that in the new system, the gel concentration is constant over 
a certain range (10 cm). 

Now, the foUowing experiment was done: 

10 minion units of interferon was gel-filtered according to the 
method described in ^Materials and Methods". After dialysis against 
PBS including 0.1 mol of sodium chloride, pH 7.2 (standard condi- 
tion), the interferon was loaded to the 18,410 antibody column. 
The column was washed thoroughly and eluted by means of the 
usual eluting buffer. The 0.1% SDS-containing eluate was concen- 
trated by the SDS precipitation procedures described ici Internati- 



onal Patent Application No. PCT/DK80/00024 and examined in the 
new SDS PAGE system, including stainiag, destaining and elution. 
As seen in Fig. 1, 13 individual protein bands were observed. 
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Each of these 13 protein bands had interferon activity. When com- 
paring the range around 16,000 to 18,000 "Daltons" in Fig. 1 with 
the SDS PAGE pattern illustrated in Fig. 1 in International Patent 
Application No. PCT/DE80/00024^ it can be seen that the 18,410 
Daltons species as described in International Patent Application No. 
PCT/DE80/00024 has been further dissolved into 3-4 individual 
species. As mentioned above, the 16,600 *n9altons" species as seen 
in Fig. 1 contains roughly 40% of the total proteins present in 
such a purified human interferon protein preparation which con- 
sists only of pure interferon proteins. Furthermore, it wiU also 
be noted that the 16,600 "Daltons" species has surprisingly low 
activity in the human system. However, when titrating all the 13 
species in a bovine cell system, the 16,600 "Daltons" species has a 
distinct and high activity. Thus, the 16,600 "Daltons" species is 
not just an impurity. Rather, it is an interferon protein which has 
almost no activity or alternatively a very low activity in the human 
system, but a very high activity in the bovine system, 

JXqw. an analogous experiment was performed using the 23,440 
column. 10 million units of crude htmian leukocyte interferon were 
processed in the same manner as described above. When examining 
the purified eluates eluted from the 23,440 antibody column in the 
new modified SDS PAGE system, the distinct protein at 16,600 
"Daltons" was lacking completely (or was present only to an extre- 
mely low extent). When comparing the two experiments, the follow- 
ing can be deduced: The 16,600 "Daltons" species does not cross- 
react antigenically with the remaining hxn&an interferon species. 

Antibodies in rabbits directed against sdl the human species, inclu- 
ding the bovine species, have been produced by inoculating a 
rabbit with the total eluates from the last antibody affinity chroma- 
tography step as described in International Patent Application No. 
PCT/DK80/00024. Such an eluate comprising 1 to 2 million units of 
interferon stabilized with 0.1% SDS was injected bi-weekly into 
rabbits together with Freund's complete adjuvant subcutaneously 
for 3 to 4 months without any further SDS PAGE separations. 
Antibodies against interferon were developed after 3 to 4 months 
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during this regimen. The titers were around 300,000 - to 500,000 
neutralizing units per ml. An antibody column was constructed 
according to the above procedure and loaded with geL-filtered 
human leukocyte interferon. The eluate was examined in SDS PA- 
5 6E, and the usual 13 bands were seen. From time to time, it was 
noticed that two protein bands appeared around 10,000 "Daltons". 
At present, it is not known whether these protein bands represent 
some minor impurities bound non-specifically to tiijig column or 
whether they represent interferon proteins with molecular weights 
10 lower than the 16,600 "Daltons" previously observed. 

The recovery of this antibody affinity chromatography was distinct- 
ly increased when the coupUng of the immunoglobulins were per- 
formed xmder mildly reversible denaturing conditions, such as 4-5M 
15 urea. Under these circtunstances, recovery was consistently 

80-85%, as compared to 50-100% (unconsistent) when no urea was 
incorporated in the coupling buffer. 
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Claims. 



1. HuIFN-a proteins which under the SDS PAGEE and staining con- 
ditiofis defined herein at a total interferon load of 5x10 IFU show 
5 13 sharp stained protein bands having antiviral interferon activity 
at 

16,600, 16,980, 17,380, 17,580, 18,410, 18,840, 
19,050, 19,500, 20,420, 20,890, 21,380, 21,880, 
10 and 22,910 

"Daltons", (the "Dalton" molecular weights being subject to an 
experimental acciuracy of ± 100 "Daltons"), the SDS PAGE showing 
essentially no other stained protein regions. 



2. Each individual protein having antiviral interferon activity 
which is a component of the HuIFN-a interferon proteins claimed in 
claim 1. 

3. A protein having antiviral interferon activity as claimed in 
claim 2 appearing at 16,600 ± 100 "Daltons'*. 

4. A protein as claimed in claim 3 having immunological properties 
distinct from the remaining 12 species « 



5. A protein constituting about 40% of the pure HuIFN-a proteins, 
said protein having only negligible activity in the human system 
and a very high activity in the bovine system and being immunolo- 
gically distinct from the HuIFN-a proteiiis that have appreciable 
activity in the human syst^. 

6. A protein having antiviral interferon activity as claimed in 
claim 2 appearing at 16,980 ± 100 "Daltons". 

7. A protein having antiviral interferon activity as claimed in 
, claim 2 appearing at 17,380 ± 100 "Daltons". 
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8. A proteia having antiviral interferon activity as claimed in 
claim 2 appearing at 17,580 + 100 '*DaItons". 

9. A protein having antiviral interferon activity as claimed in 
5 claim 2 appearing at 18^410 ± 100 "Daltons". 

10. A protein having antiviral interferon activity as claimed in 
daim 2 appearing at 18,840 ± 100 *'Daltons". 

10 11. A protein having antiviral interferon activity as claimed in 
daim 2 appearing at 19,050 ± 100 "Daltons'*. 

12. A protein having antiviral interferon activity as claimed in 
daim 2 appearing at 19,500 ± 100 "Daltons". 

15 

13. A protein having antiviral interferon activity as claimed in 
daim 2 appearing at 20,420 ± 100 'Gallons". 

14. A protein having antiviz^ iaterferon activity as claimed in 
20 daim 2 appearing at 20,890 ± 100 "Daltons". 

15. A protein having antiviral interferon activity as claimed in 
daim 2 appearing at 21,380 ± 100 "Daltons". 

25 16. A protein having antiviral interferon activity as daimed in 
claim 2 appearing at 21,880 ± 100 "Daltons". 

17. A protein having antiviral interferon activity as daimed in 
claim 2 appearing at 22,910 ± 100 "Daltons". 

30 

18. An interferon protein having distinct activity in the bovine 
system, and negligible activity in the human system, the protein 
appearing at 16,600 ±100 "Daltons". 

35 19- Proteins as claimed in daim 1 having a specific activity of at 
least 10^-10^ IFU per mg proteia, as assessed by comparative SDS 
PAGE staining. 
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20. Proteins as claimed in claim 19 having a specific activity of 
8 9 

10 -2x10 IFU per mg^ protein, as assessed by comparative SDS 
PAGE staining • 

21. Protein(s> as claimed in any of the preceding claims, additio- 
nally characterized in that it (they) exhibit anticellular activity 
and potentiate the Natural Killer cell system. 



20 



22. A protein as claimed in any of claims 6-17, additionally cha- 
10 racterized in that it will neutralize antibodies raised against a 

protein as claimed in any of claims 6 - 17 or raised against prote- 
ins as claimed in claim 1, except the 16,600 "Daltons" species. 

23. Human leukocyte interferon protein(s) as claimed in any prece- 
15 ding claim. 

24. A formulation comprising a protein or proteins as claimed in 
any of the preceding claims, said formulation being adapted for 
administration to human beings or gyiiTnaTg foT» prophylactic, thera- 
peutic, or immunization effect. 

25. A formulation as claimed in claim 24 adapted for parentex^, 
intranasal, or topical administration, with or without an added 
chemostatically active drug. 

26. A formulation as claimed in daim 25 which is a cream or oint- 
ment for topical administration. 

27. A formulation as claimed in claim 24 in the form of a stabilized 
aqueous solution. 

28. A formulation as claimed in claim. 27 in which the stabilizer is a 
protein or a combination of proteins which is non-toxic and non- 
immunogenic in human beings. 

29. A formulation as claimed in claim 28 in which the stabilizer is 
selected from the group consisting of human serum proteins and 
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fractions thereof^ e.g^. and human albumin, or other protein which 
is non*immunogenic in man. 

30. A formulation as claimed in any of claims 24 - 29 in which the 
5 concentration of the pure interferon is in the rang^e corresponding 

to 1 - 40 million IFU per ml. 

31. A formulation as claimed in claim 27 for ixmnunizing' anjmals, in 
which the stabilizer is SDS. 

10 

32. A formulation as claimed in claim 31 whidt is buffered with 
PBS with a pH of about 7.2. 

33* A formulation as claimed in claim 31 or 32 which additionally 
15 contains an adjuvant. 

34. A formulation as clan&ed in daim 33 in which the adjuvant is 
Freund*s adjuvant. 

20 35. An SDS complex of a protein or proteins as claimed in any of 
claims 1 to 23. 

36. An SDS complex as claimed in claim 35 isolated in soUd form. 

25 37. Antibodies raised against, or directed substantiaEy only a* 
gainst, immunological determinants of human Le form interferon 
proteins claimed in any of clams 1-23. 

38. Antibodies as claimed in claim 37 obtained by immunizing an 
30 immunizable animal wi& any of the 

16,600, 16,980, 17,380, 17,580, 18,410, 18,840, 
19,050, 19,500, 20,420, 20,890, 21,380, 21,880, 
22,910 

35 

"Daltons" HuIFN-a components of the proteins claimed in ^^m'tn i, 
or with any combination thereof, or obtained from the same compo* 
nents by hybridoma technique or transformation technique. 
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39. Antibodies as claimed in claim 37 obtained by immunizing an 
immunizable animal with any of the 

16,980, 17,380, 17,580, 18,410, 18,840, 
5 19,050, 19,500, 20,420, 20,890, 21,380, 21,880, 
22,910 

"Daltons" HuIFN-or components of the proteins claimed in claim 1, 
or with any combination thereof. 

10 

40. Antibodies as claimed in claim 37 obtained by immunizing an 
immunizable animal with the 16,600 ± 100 "Daltons" HuIFN-a compo- 
nent. 

15 41. Antibodies as claimed in any of claims 37 to 40 obtained by 
immunizing an immunizable animal with the HuIFN-a component or 
components obtained from the respective band or bands cut from 
the SDS PAGE geL 

20 42. Antibodies as claimed in claim 41 wherein the bands were cut 
from the SDS PAGE gel after staining of said gel and a short wash 
in distilled water. 

43. A method for preparing antibodies as claimed in claim 37, com-* 
25 prising immunizing an immunizable animal against human Le form 

protein or proteins as claimed in any of claims 2 23 and 
obtaining antiserum from the animal. 

44. A method as claimed in claim 43 in which the immunization is 
30 performed with a protein or proteins as claimed in any of claims 

2-23. 

45. A method as claimed in claim 44 in which the immiuiization is 
performed with any of the 

35 
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16,600, 16,980, 17,380, 17,580, 18,410, 18,840, 
19,050, 19,500, 20,420, 20,890, 21,380, 21,880, 
22,910 

5 

"Daltons" HuIFN-a components of the proteins claimed in ^laiT n 1, 
or with any combination thereof. 

46 • A method as claimed in daim 45 in which the immxuiization is 
10 performed with any of the 

16,980, 17,380, 17,580, 18,410, 18,840, 

19,050, 19,500, 20,420, 20,890, 21,380, 21,880, 

22,910 

15 

**Daltons" HxiIFN-or components of the proteins clamed in ^ig-™ i, 
or with any combination thereof. 



^i. A memoa as ciaimea in claim 4b m wnich the immunization is 
20 performed with the 16,600 ± 100 "Daltons" HuIFN-a component. 

48. A method as claimed in claim 46 in which the immunization is 
performed vdtlx the 21,880 ± 100 "Daltons" component. 

25 49. A method as claimed in any of claims 43 - 48 in which the 

immunization is peif ormed with a formulation as claimed in any of 
claims 27 and 31 34. 

50. A method for producing antibodies as claimed in claim 37, 
30 comprising culturmg a hybridoma cell clone producing antibodies 

directed against immunological determinants of HuIFN-a components 
as claimed in claim 1 and recovering antibodies from tie culturing 
medium. 

35 51. Antibodies when prepared by a method claimed in any of rl^m^ 
43 - 50. 
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52- Antibodies as claimed in any of claims 37 - 42 or 51 (or frag'- 
ments or derivatives thereof retaining the essential anti-interferon 
determinants) immobilized on a matrix. 



^ 53. Antibodies as claimed in claim 52 covalently bound to the ma- 
trix. 

54. Antibodies as claimed in claim 53 in which the matrix is a 
cross-linked agarose such as Sepharose 4B. 

10 

55. Matrix-immobilized antibodies as claimed in any of claims 51 - 
54 which are substantially free from proteolytic enzymatic activi^. 

56. Matrix- immobilized antibodies as claimed in claim 55 which have 
15 been substantially freed from any proteol3rtic enz3rmatic activity by 

treatment with enz3rme inhibitors or enzyme destructors. 

57. Matrix-immobilized antibodies as claimed in claim 57 for which 
the treatment with enzjnae inhibitors or enzyme destructors has 

20 been carried out with matxdx-immobiUzed enzyme inhibitor or enzy- 
me destiructor. 



58. Matrix-immobilized antibodies as claimed in claim 57 which, 
prior to their covalent binding to the matrix, have been passed 

25 through a column of matrix-immobilized poly-L-lysin and/or ma- 
trix-immobilized Soyabean Trypsin inhibitor, and/or matrix-immobi- 
lized kallikrein inactivator. 

59. The use of antibodies as claimed in any of claims 37 - 42 and 
30 51 - 58 for purifying human Le fozm interferon-containing soluti- 
ons. 

60. A protein having the significant interferon- characterizing de- 
terminants possessed by the proteins claimed in any of claims 1 - 

35 23. 
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61, A protein having the significant inununological determinants 
possessed by the proteins claimed in any of claims 1 - 23, 

62. A method of producing human Le form interferon proteins as 
5 claimed in claim 1 or 3 - 5, comprising subjecting a solution con- 
taining human Le form interferon proteins to affinity chromatogra- 
phy such that said human Le form interferon proteins are selecti- 
vely retained, and eluting said retained interferon proteins. 

10 63. A method as claimed in claim 42, wherein the affinity chroma- 
tography comprises antibody affinity chromatography in which the 
antibodies are matrix-immobilized antibodies as claimed in any of 
claims 52 - 58. 

15 64. A method as claimed in claim 63 in which at most 85% of the 
antibodies which were applied to the matrix at the fimnobihzation 
stage became covalently bound. 

65. A method as claimed in claim 63 or 64 in wMch the antibodies, 
20 prior to being bound to the matrix, had been substantially freed 

from any proteolytic enzymztic activity by treatment with enzyme 
inhib itors and/or enzyme destructors. 

66. A method as claimed in claim 65 in which the removal of the 
25 proteolytic activity had been carried out with matrix-immobilized 

enz3rme inhibitor and/or enz3nne destructor. 

67. A method as claimed in any of claims 62 - 66 in which the 
solution applied to the antibody affinity matrix is a crude, uncon- 

30 centrated interferon preparation. 

68. A method as claimed in any of daims 62 - 66 in which the 
solution applied to the antibody affinity matrix is a concentrated or 
partially purified mterferon preparation. 

35 

69. A method as claimed in any of claims 62 to 66 in which the 
interferon-contaimng solution comprises the interferon-containing 
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protein fraction obtained by a protein precipitation treatment of a 
crude, unconcentrated interferon preparation • 

70. A method as claimed in 69 in which the protein precipitation 

5 treatment includes the addition of ESCN and the adjustment of the 
solution pH to 4.5. 

71. A method as clanned in any of claims 62 - 70 in which the 
solution applied to the antibody affinity matrix is an interferon 

10 solution which essentially only contains proteins in the 10,000 - 
20,000 Daltons range. 

72. A method as claimed in claim 71 in which the solution is the 
10,000 - 20,000 Daltons eluate from a gel filtration performed with 

15 a buffer solution which contains about 25% by volume of a glycol 

such as ethylene glycol and has an ionic strength corresponding to 
1 M NaCl, pH about 7.2. 

73. A method as claimed in any of claims 53 = 72 in v/hich the 

20 HuIFN-'a interferon of the solution applied to the antibody affinity 
matrix is selected from the group consistiag of human Ieukoc3rte 
mterferons, human Isnnphoblastoid interferons, and proteins as 
claimed m claim 60 or 61, including such proteins when produced 
by cultivatLon of a microorganism carrying DNA coding for the 

25 production of such proteins. 

74. A method as claimed in claims 73 in which the interferon-con- 
taining solution comprises the interf eron-containin g protein fraction 
obtained by a protein precipitation treatment of a crude, unconcen- 

30 trated interferon preparation. 

75. A method as claimed in 74 in which the protein precipitation 
treatment includes the addition of KSCN and the adjustment of the 
solution pH to 4,5. 

35 



76. A method as claimed in any of claims 73 - 75 m which the 
solution applied to the antibody affinity matrix is an iuterferon 
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solution which essentially only contains proteins in the 10,000 - 
20,000 Daltons range, 

77. A method as claimed in claim 76 in which the solution is the 
5 10,000 - 20,000 Daltons eluate from a gel filtration performed with 
a buffer solution which contains about 25% by volume of a glycol 
such as ethylene glycol and has an ionic strength corresponding to 
1 M NaCl, pH about 7.2. 

10 78. A method as claimed in any of claim 74 to 77 wherein the elu- 
ate in the gel filtration buffer is loaded directly on the antibody 
affinity matrix, 

79. HuIFN-a interferon when prepared by the use of matrix-immo- 
15 bilized antibodies as claimed in any of claims 52 * 58 or by a me- 
thod as claimed in any of claims 62 * 78. 

80. HulFN"-or interferon as claimed in claim 79, having a specific 
activity of at least 30x10 IFTJ per mg protein, the protein deter- 

20 muiation being based on the Lowry procedure using pure human 
albumin serum as standard. 

81 • HuIFN-of interferon as claimed in claim 80 having a specific 
activity in the range from 30x10 to 10 IFU per mg protein 

25 

82. HuIFN-a interferon as claimed in daim 81 having a specific 
activity of 30x10^ - 70x10^ IFU per mg protein - 

83. A method of producing interferon proteins or proteins having 
the significant biological interferon-actLvity determinants thereof, 
comprising cultivating a microorganism carrying DNA coding for 
the production of HuIFN-a interferon proteins, as claimed in any of 
claims 1 - 23 or 60, and recovering said proteins from the culture 
medium. 

35 
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84, A method as claimed in claim 83 in which the DNA coding for 
the production of interferon proteins is present on a plasmid* 

85, A method as claimed in claim 83 or 84 in which the DNA coding 
5 for the production of the interferon proteins has been prepared by 

treatment, with reverse transcriptase, of messenger RNA isolated 
* from interferon-producing cells in a manner known per se. and 

comprising the stage of antibody affinity chromatography and/or 
immunoprecipitation on a lysate of the cells, the antibody being 
10 Vised in the antibody affinity chromatography or in the immuno- 
precipitation being an antibody as claimed in any of claims 37 ^ 42 
or 51. 



86. A method as claimed in any of claims 83 - 85 in which the 
interferon-producing clones of the microorganism have been selec- 
ted by means of radio-labelled monospecific antibodies as claimed in 
any of claims 37 to 42 or 51* 
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